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A bs.tr. art. 


Flashovers on dielectric surfaces of spacecraft will produce currents to adja- 
cent metalllO surfaces and in many cases may be initiated, by phenomena at the 
interface between metal and dieleotrio. A teohnique has been developed for meas- 
uring surface charge distribution near interfaces without placing any measuring 
apparatus near the face of the samples. This paper reports the results of measure- 
ments which h^ve been made on FEP Teflon and Kapton dielectrics, before and 
after fleshover, with various types of Interfaces. Also given are data showing 
mean time between flashovers for various configurations exposed to a variety of 
environmental conditions, several charge transfer mechanisms are considered 
as means by which stable charge distributions may be maintained near interfaces. 


1. INTRODUCTION 

Many of the flashovers which occur be cause of differential charging of a space- 
craft surface Will be initiated by phenomena near a metal -dielectric interface. 

This is especially true if the conductive frame of the spacecraft is maintained near 
local sj^ace potential by an active emitter While the dielectric becomes highly 
charged because of substorms. This report deals with phenomena at the interface 
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so as to ^scert&lti the conditions for flashover Md to sdSk m6ans of prOvOnting 
fla^hov^r. Charge distribution measurements are the principal diagnostic tool. 

The flashover is a process whereby negative charges adhering to a dielectric 
surface are abruptly released and transported tangentially to a nearby grounded 
conductor. Punchthrough is not considered. The charge distributions on the 
dielectric are formed by an impinging electron beam that is monoCnergttic though 
unfocust d. The breakdown process is suggestive of the failure of vacuum bushings 
except that the bushings fail because of cathode phenomena^ whereas the system of 
interest has a remotely located cathode which plays no part in the flashover 
phenomena. 

This report presents charge distribution data and flashover probabilities for 
different types of interface. From charge distributions, one can calculate elec- 
tric fields and estimate limits where flashover becomes probable. An analysis of 
various . charge transport mechanisms below the flashover threshold will lead to an 
eventual Understanding of the phenomena controlling flashover. 


2. EXPKRIMKNTAL PROEEllimES 


2.) Ptephrwion of Sp^ejmens 

Results destribed hefe are for 0. 13 mm (5 mil) shfeets of FEP Teflon hoving 
a Silver-inconel coatings The coating Is grounded With the specimen facing the 
electron, beam such that charges on the surface of the sheet will induce comparable 
charges on the underlying metal film. When the metal film is segmented and each 
segment is grouhded, then the surface charge distribution can be inferred by meas- 
uring the Charges induced oii each of the underlying segments. The schematic 
shown in Figure 1 illustrates the technique where it should be noted that the elec- 
trometer configured for charge measurement maintaiiis the assefciated segment 
at virtual ground. 

The charge data must be fcoupled with either segment areas or segment capaci- 
tances. Areas were determined by scaling from enlarged photographs and capaci- 
tances were measured directly by applying Voltages of 500 and 1000 V to drops of 
aqueous salt solutions standing on the upper surface of the specimen... The two 
measurements were compatible with handbCok data of 2. 1 for a dielectric constant, 
though the capacitance measurements were the more precise and were used almost 
exclusively. A typical capacitance per segment was 1 pE. 

The Interface for many of the measurements was formed by placing a grounded 
metal aperture over the specimen. Variations of diameter, aperture thickness, 
and material were tried. In other measiiremehts, the same type of aperture Was 
used but a sill was cut through the dielectric sheet so as to expose the underlying 
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Figure 1. Mouiiting of thfe Dielectrit Sp^^imen (Film Thick- 
ness Exaggerated) 


ground plane. In these latter cases, the ground plane was reinforced with a layer 
of conductive epoxy. backed with stainless steel shims tock. 

The segments were cut in the ground plane by means of an electrical discharge 
nlachining technique. A repetitive disOharge from a 100 pF capacitor at 1 kV was 
used. With the Use of guides the etching point could be moved sb as to cut lines of 
about 0, 2 mm in width though in practice wider lines were used. When the lines 
V^ere too fine, flashovers vrould induce breakdown between the segments. The 
smallest segments used were approximately i. 5 mm wide and 4 mm long, this 
being the smallest size for which epoxy bonding of leads was convenient. 

A line, drawing from a photograph of an actual specimen is shown in Figure 2. 
The view is from the direction of the electron beam. The circular aperture exposes 
the transparent dielectric sheet and the underlying reflective ground plane. The 
etched lines are visible through the film and are easily photographed by the use of 
backlighting. The first segment in the illustration is partially hidden.by the aper- 
ture. 

2.2 Test Chamber 

The specimen was Inserted into a stainless steel vacuum chamber as illus- 
trated in Figure 3. The various aspects of the system are described below. 

The electron source was of simple construction having a heated tungsten 
filament and its aluminum enclosure maintained at a flked negative voltage. Elec- 
trons from the recessed filament Would emerge from the hole in the box ahd be 
accelerated toward the grounded supporting frame. They Would pass through a 
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Figure 2, Typical Specimen Configuration 
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second hole to the frame artd df Ift at constant velocity toMvard the specimen. The 
diameter of the beam at half-maximum intensity on the target was approximately 
8 cm as determined by sensorS On the specimen plane. Thus, specimen diameters 
were kept to leSs than 5 cm for all experiments. The beam source was fed by 
high-voltage feedthroughs remotely located from the other feedthroughs where 

sensitive measurements were being made. 

The beam intensity was monitored by a small probe which could be swung into 
position above the specimen. Current to the probe was measured by an electrom- 
eter which held the probe near the ground potential. A geometrical factor was 
computed for converting the probe current to effective current density at the spec- 
imen face. Though the accuracy of this determination is not high, it is still ade- 
quate for comparing fluxes and providing reproducibility. 

The specimen was mounted on a platform surbounded by baffles which were to 
keep scattered electrons fbom the sensitive leads. These leads were kept short 
and connected by a multiplh, high-voltage feedthrough to an external terminal box 
where various electrical connections could be made. 

The chamber was evacuated to a base pressure of lO" torr with a turbo- 
molecular pump. Pressure was mbnltored. A Contbolled leak was available but 
usedlittU-becauSe varying the pressure had little effect upon the data. 

2.3 Data Collet^iioa 

Procedures were developed to reduce the Impact of spurious events and syste- 
matic errors. In addition to the occurrence of occasional inconsistent data points, 
all data reflected the effects of electrometer drift. and residual surface charges. 

Drifting of the electrometers occurs because of charge leakage through the 
dielectric sheet but this was negligible and not measurable with PEP Teflon. Some 
tests with Kapton showed leakage but otherwise behavior similar to PEP Teflon. 

Of much greater significance Was the scattering Of electrons through the baffles to 
the back side of the specimen. This effect was controllable to a point where short 
term drifts of say a minute were negligible. Long term drifts were of little Conse- 
quence and could have been due either to leakage or to scattering. Another source 
of drift was that due to humid air in the terminal box. This problem was controlled 

with dessibaht. 

The measurement of charge requires the ability to remove all chabge ffoiti the 
specimen before artd aftei* a charging cycle. One simple way of removing charge, 
but a slow way. was to raise the pressure to 10“^ torr and to wait for approximately 
1 mlrt. A quicker and equally effective way was to use secondary emission from 
the surface. With proper adjustment of the electron beam energy, the secondary 
emission coefficient would exceed unity artd the surface Wotlld lose charge. With 
the proper sequence of beam voltage adjustments, the surface charge coUld then be 
brought to an adequately low value. 
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tft rrtohltof two segments simultaneously. 
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thiaugh the great majority have been complete. 

3. STK VOV STATE MEASUREMENTS 


3.1 Charge nistributions 
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secondaries. The dale o( WlUis and J boundaries, the 

Teflon of 1. 8 hV .hlCh correspond. «e U ur.h ^ 

po.en.lal Is depressed „eh a ,/,,p„,sed redlorh he 

concludes .ha. .he secondary eclss on e-' f ,p 

such .ha. some aualUary charge release meehanlsn, ac.mg 

maintain a steady state. another specimen similar to that of 

"""Y^^CtlTrhas a sm oTl cm" length through its center. Steady state 
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IZZZZZZZ. 10 hV .ahen fro.„ Pl^re d and posLloned for 
comparison of the gradients wi«i ^ . m across Uie cut surface 

of the dielectric, .Ms being as high ^sslbl, as / ^ easCpllaU, 

Kamerou. Cher “^"„^„^“^rare sC^^^ - 'r a S cm dlameler 
similar to those alrea y • anerture artd for a Kapton specimen, 

specimen, for a specimen w ® . . aJ distributions do not depend upon 

Highly Significant is the ‘hat ,He electron source 

electron flux density. From a s ea y -hnhee in the charge is observed, 

mamenl can be cooled until the flux is aero and no change in g 
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DISTANCE FROM INTERFACE (ifim) 

Figure 4. Steady State Surface Potentials for PEP Teflon 


However, at very high fluxes exceeding l-nA/ctn^ a drop of perhaps 3 pet-certt of 
the surface charge is observed. 


3.2 Egulpetcnliel Contours 

Once change distHbutions are known, Lafilace's eciUation cart be joived. The 
method used here was appboxltnate, being most accurate hear the sunface and the 
interface. It Involved approximating the pfoblem With a two-dlmehslonal model, 
doing a conformal transformation, and solving by use of separation of variables. 
The data points for the 20 kV case of Figufe 4 were the basis of a calculation shown 
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Figure 5. Steady State Potentials for Specimen With Silt 


in Figure 6. the crucial point to be noted here le that the electric field has a 
normal component toward the Surface. 

3.3 Charge Release Mechanisms 

The gt^adlents near an interface are established through a balance of various 
charge transfer mechanisms. The fact that the balance is Independent of primary 
flux density is an Indication that all processes involved are proportional to primary 
flux, various possibilities Include field-enhanced secondary emission, x-ray pro- 
duction from the beam striking the aperture plate, Ion neutralization, and bom- 
bardment-induced conductivity of the dielectric, the first of the suggestions Is 
considered to be the most appropriate. 

Measurements with a copper aperture were made to test for the possibility of 
x-ray effects. Copper was deliberately chosen because of Its K-edge at & kV. If 
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Figure 6. Equlpotenti?! Lihfes for Exposure to a 21 kV Beam 


the charge distributions sho^V6d aiiomalies \Vith 9-kV bOam voltages, then x-rays 
would likely have a significant relfe in the charge balance. However, no differences 
could be found between measurements with Copper and alumlnur 

Ions might be attracted to the negative. dielectric surface, yet they would go 
preferentially to the most negative center region and not to the edges where their 
contribution would be needed. 

Though little information is at hand regarding conductivity of the dielectric 
under bombardment, it is felt that this phenomenurn is not of sufficient magnitude, 
nor sufficiently linear, to account for the observed charge distributions. 

Available data indicate that the secondary emission in the depressed regions 
near Interfaces is inadequate to compensate for the Incoming primary flux. . Also, 
secondaries are accelerated away from the surface by the normal component of 
the field such that they cannot interact \Hth the surface to cause an additional 
release of electrons. Note, however, that the data of Willis and Skinner was 
recorded with techniques which minimized t»-i buildup of charge on the dielectric 
surface and thus the field. It is possible that the secondary emission coefficient 
is increased in the presence of the field such that a steady state is maintained in 
the depressed regions. 


511 









L 








1. M.ASIIOVER MEASUKEHKMTS 
l.l S|io(‘lnii>n Without Slit 

The probability of flashover has been found to be very low for Teflon speci- 
mens covered with the 1.3 mm aluminum aperture plate. Generally for all speci- 
mens without slits, but with aperture plates, the flashover rates have been low. 

The flashover rate for the specimen of Figure 2 Has been measured at various 
flux densities for a beam voltage of 21 kV. The rate is not constant but decreases 
with time, probably because of cleanup of the dielectric surface. The measure- 
ments shown in Figure 7 were made with a relatively dirty specimen Which had hot 
been long in vacuum. Evert then a ruh.^f 1 hr at 0. 16 ^A/cm^ showed no flash- 
overs. The flashovers which occurred showed a complete loss of charge from the 
surface of the specimen. After long exposure the surface of the specimen near the 
interface became frosted. For these tests the current levels were such that a 
steady state charge distribution Was established in a few seconds. The system 
would reside in. that condition for hundreds of seconds, exposed to an electron flux, 
before-a flashover would occur. 



Figure 7. Flashovers in a 21 kV Boam 


i,i Specimen Auh Sill 

When n slit is eut in a specimen, the flashover rhte Increases dfasttcally. 
Steady state is net attainable much abeve 10 kV. As beione the flashevers cause 
a complete less ef surface Charge. Visual observatlen shows light bursts concen- 
trated on the slit when flashovers occur. Data points are shown in Figure 8 where 
the influence of both beam voltage and current density are shown. 
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Figure 8. Flashovers for a specimen with slit 
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4.3 PBrtla^FI&6hovws 

PaftlBl ftaahovdrs have been neted. these being sueh as to ^ 
on the surface of the dleleetrlc. Most of these observations wene fof PfiP Teflon 
with a stainless steel aperture have a thickness of 0. 08 mm. 
partial fiashovei's occurred during the charging transient as shewn J"* • 
TWO sequences are shown with the charges induced on two segments plo g 
time. For this specimen, segment 5 was in the center. 3 near the ^ 

inTermedlately placed. The final steady state charges at 21 kV are consls ent with 

>*» Z Z'TrZ 

Mcepl that to most ea.es e»ly a ainele naahover oceareea darlag the charging 

"■““orrLre occlan. a atogle aegmeal «IU Ice-a small (raetlan at 
.ner hatdng heen In steady state lor some time. Sneh etmnt. ^ 

in determining the memi time bet»een nashovers shoem In Figures sn . 



Figure 9. Partial Flashevers During Charging Transients 


5. C0\i;U 5tUSS 


MeaHuretnohta have demonnlrated that grndlentfi of 10 kV/mni can exir'Jt on the 
surface of dielectric material:^ with the probability of flashovor being practically 
Ihslgniricaitt. The gradient Is maintained by a balance among charge transfer 
processes which are thought to be dominated by secondary emission, although 
appropriate data to show this are unavailable. 

The design of the metal dielectric interface has a marked effect upon the prob- 
ability of flashover. Ah interface which exposes an edge of a dielectric sheet 
creates a strong field which Initiates flashover at a relatively low level of charge 
on the dielectric surface. The threshold level for the onset of flashovers can be 
approximately doubled by covering the edge of the sheet with a ground plane. 

The configurations investigated are not particularly useful for applications 
and, as a result, extensions of the work to multiple -aperture systems are antici- 
pated. Breakdown probability and the propagation of flashover from one region to 
aiiother are topics of Interest. Also, the effects of punchthrough are to be inves- 
tigated. 
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